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Load-displacement-time
characteristics of the spine
underpostero.anterior
mobilisation
The load-displacement-time characteristics of
the lumbarspinewere obtained under simulated
central pasteroanterior(PAlmobil isation. The
instrumentation {thespinaImobil iser) consisted
of amotor-driven force applicator and apair of
displacement transducers. The PAmobility of
the L3,14 and t5 segments of 28young normal
subjects (14 males and 14 females) was
examined, and this was found to he dependent
on spinal level but not on gender. At each level
tested {except L5l, greater movement was
observed in the more caudal of the twosegments
adjacent to the mobilised vertebra. Finally,14
was subjected to cyclic and sustained PA
loadings, and to loadings at different rates.
Viscoelastic behavioufsuchascreep and rate-
dependency was observed, a&was the
preconditioning phenomenon. The results
suggest that PAmobilisation produces more
mechanical effects on the lower segment, and
that thepreconditioningandcreep effectsmight
explainthe impravementin spinal mobilityafter
mobil isation.
[Lee HYW and EvansJH: Load-displacement-
time characteristics of ,the spine under
posteroanteriormobil isation. AustralianJournal
ofPhysiotherapy 38: 115-123, 1992]
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anipulative therapy has been
used to treat low back pain
since ancient times (Cyriax
1978). One of the most frequently
employed techniques is posteroanterior
(PA) mobilisation (Maitland 1986).
However, very little is understood
about its mechanisms of action (Farfan
1980).
The displacement ofthe vertebra and
the resistance to the displacement
during mobilisation of the spine, and
the load-displacement characteristic
thus perceived is often expressed .in the
form of a movement diagram
(Maitland 1986).
However, the reliability of
constructing movement diagrams is
poor. Matyas and Bach (1985)
reViewed.severalstudies regarding this
issue. The degree of agreement among
blindfolded therapists in identifying
the stiffest spinal level based on PA
palpation was found to be low. The
inter-- and intratester reliability of
perceiving R1 (the resistance which is
first felt during the mobilisation
movement) and Rz (the maximum
resistance at the end ofthe range) of
the movement diagram was also poor
(r <0.5).
In view of this, objective
quantification ofthe load-displacement
characteristic of PA mobilisation can
only be .made using instrumentation.
In order ,to achieve this goal, both the
load applied and the displacement
caused .have to be measured
simultaneously. This problem has been
recognised and several attempts have
been made to quantify PA mobilisation
experimentally (Lee and Svensson
1990, Matyas and Bach 1985,
Thompson 1983, Watsonet aI1989).
Matyas and Bach (1985) attempted to
measure thePA force applied
indirectly with the therapist standing
on a forceplate, but they did not
measure the displacement produced. In
the study ofWatson et al (1989), the
displacement measured was only the
total sagging of the spine rather than
the relative intervertebral
displacement.
Simultaneous measurement of both
the PA force and the intervertebral
displacement produced was reported
by Thompson (1983). The
instrumentation developed consisted of
a force applicator which had a force
transducer and a pair of displacement
transducers. The force applicator was
driven manually through a winding
system. As the speed of load
application could not be well--
controlled, the measured PA stiffness
was likely to be inaccurate, owing to
the viscoelastic (that is, time--
dependent) nature of spinal tissues.
Additionally, as there was no automatic
control over the load applied, this was
likely to vary among experiments,and
from patient to patient.
Lee and Svensson (1990) used a
similar technique to.quantifyPA
mobilisation, but their instrumentation
was motor driven with the speed of
mobilisation controlled and the
applicator was padded to reduce
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discomfort of the subjects. However,
the authors only measured the absolute
vertical displacement of the mobilised
vertebra. No information was obtained
on the relative displacement of the
adjacent intervertebral joints.
In the pioneer studies ofThompson
(1983) and Lee and Svensson (1990),
the biomechanics ofPAmobilisation
were investigated at one spinal level
(L3)only.The viscoelastic
characteristics ofPA mobilisaton were
not examined. It is apparent that
further study of these mechanical
behaviours would be ofvalue.
Purpose
The purposes of the present study
were to examine:
A The reliability of the technique
developed for quantifying PA
mobilisation;
A The dependence of PA mobility
on spinal level and gender;
A The magnitude of relative
intervertebral displacements
immediately above and below a
mobilised vertebra; and
A The effects of cyclic and sustained
PA loadings, and of loading rate,
on PA mobility (the viscoelastic
characteristics of mobilisation).
Method
Subiect
Twenty-eightnonnalsubjects (14
males and 14 females), aged between
19 and 23 years (mean age =20.9
years), were examined. Their mean
weight and height was 56.7±8.0kg and
1.66±O.08m respectively. All the
subjects were undergraduate students
from the Department of Rehabilitation
Sciences, Hong Kong Polytechnic.
Prior to their inclusion in the study,
subjects were screened for any known
history of back pain or any other
symptoms which were attributable to
their spines during the previous six
months. Subjects were also excluded if
they had any past history of fracture,
dislocation or surgery of the lumbar
spine or sacrum, or any medical
condition for which spinal mobilisation
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figure 1.
The spinal mobiliser.
might be contraindicated.
The experimental. procedures were
explained to all subjects included in the
study and their consent was obtained
before the commencement of the
investigation.
Instrumentation
The apparatus used for the delivery
of PA mobilisation, the spinal
mobiliser, was stablysupportedbya
rigid metal frame over abed on which
the subject could lie (Figure 1).
The spinal mobiliser consisted ofan
applicator.in the centre with two
displacement transducers (linear
variable differential transformers,
LVDTs), one on either side. The
applicator which delivered the
mobilisation force was centered over
the selected spinous process (Figure 2).
A rigid load cell was used to measure
the mobilisation force. To minimise
any discomfort caused to the subject, a
thin soft pad was attached to the end of
the applicator. This pad was preloaded
several times before use so that its
thickness would not change much in
further compression.
The two LVDTs were placed over
the spinous processes immediately
above and below the one being loaded
by the applicator (Figure 2). The
distance between them could be
adjusted so as to accommodate the
vertebral dimensions ofdifferent
subjects. They measured the vertical
displacements of the contacting skin
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over the adjacent vertebrae relative to
the skin over that mobilised. These
represented the intervertebral
displacements ofthe segments above
and below the mobilised vertebra.
The spinalmobiliserwas driven ata
constant, predetermined speed by two
electric motors. One of the motors
produced the upward movement of the
applicator while the other motor
provided the downward movement. A
control system allowed the three
parameters to be monitored during
mobilisation:
A The maximum mobilisation load
delivered;
A. The number of cycles of
mobilisation; and
A. The rate of mobilisation.
The maximum mobilisation load used
in this study was 150N, and the
frequency of mobilisation was in the
range of 1 to 2Hz. These values were
used in all tests unless otherwise stated,
as.theyare similar to those used
clinically (Thompson 1983).
The outputs from the load cell and
the LVDTs were amplified and
processed, and fed into the control
box, and from there via an analogue-
to~digital convertor into an IBM
compatible AT computer. All data
were sampled at 50Hz and stored on
magnetic diskettes (Figure 3).
The system incorporated four
electronic switches and two mechanical
stops to ensure the absolute safety of
the subjects. Thus the motor drive
would be switched off when there was
excessive movement of the spinal
mobiliser and the motion was blocked
mechanically, in case the electronic
switches failed to function.
A panic button was also provided
which the subject held so that the
system could be stopped at anytime
should any discomfort or pain be
experienced.
Reliability of the spinal
mobiHser
A pilot study was carried out on 10
normal subjects to examine the
reliability of the spinal mobiliser. The
maximum intervertebral
displacements at L314~nd L4/5during
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Figure 3.
Block diagram showing the
instrumentation system.
Load
fora particular load. Figure 4 is an
example of these curves obtained from
one of the subjects (CNM,male,aged
23, body weight 60kg, height 1.65m)
during aPA 10adingofL4. There are
two curves in the·figure,one
representing the segment above (L3/4)
and the other the·segment below (L4/
5).
The influences of gender and
level on spinal mobility
The maximum relative displacements
(at 150·N) were determined from the
load-relative displacement curves. For
each spinal level, there were two sets of
maximum intervertebral displacement
data, and these were averaged to
represent the overall mobility of that
level inPA (Figure 5).
Two-way analysis ofvariance was
used to determine the influence of
gender and spinal level onPA·mobility
(or the averaged intervertebral
displacement). It was shown thatPA
mobilityvariedsignificandy with
different spinal level (p < 0.001), but it
did not seem to be sensitive to gender
difference (p> 0.001).
Since gender was shown not to bea
significant factor in spinal mobility,
further analyses were carried out with
male and female data combined
together. Post-hoc analyses showed
that the means of the averaged
Load-d isplacement
characteristics
PA load was plotted against the
relative displacements of the vertebrae
during both loading and unloading.
Non-linear curves were obtained in all
cases. The stiffness of the tissues which
was represented by the slope of the
curves increased with the increase in
PA loading. The loading and
unloading curves were also different,
the latter having more displacement
(3) Effect ofloadi.ng rate
The relative vertical displacements at
L3/4 and L4/5 during PA loadings
were measured at two different loading
rates, one slow and one quick. It took
approximately 30 seconds to complete
one cycle for the slow rate and about
0.5 seconds for the quick rate. One
cycle ofPA was delivered for each rate.
For each subject, all the
biomechanical tests were undertaken
on the same day, the whole procedure
taking about two hours to complete.
Results
10080604020
2.0 .. Deflection ,mm
( ]) Assessment of mobility at
different spinal levels
The lower lumbar spine (the L3, L4
and L5 levels) was studied in this
experiment, as these spinal levels are
those most commonly implicated in
low back pain (Corrigan .and Maitland
1983, Grabias and Mankin 1980). The
PA mobility of these levels was
examined by loading each spinous
process in turn..This was done in
random order so as to minimise any
pre-testing effects.
(2) Cyclic and sustained PA
loading·at t4
For all the remaining parts of the
investigation, only the L4level was
L-----'-----,--~---'---------'---~~_----'---.......J loaded. For cyclic loading, PA force
Figure 2. was.applied for three cycles, and the
Alignment of the spinal mobiliser with the relative displacements at L3/4 and L4/
spinous processes. 5 were measured in each cycle.
In the study ofresponse to sustained
loading, a smaller vertical PA load was
used (100N)to avoid discomfort to the
subjects. Once applied, the load was
sustained for two minutes. The.relative
displacements atL3/4·and L4/5 were
measured when the load was first
achieved, and 30 seconds, land 2
minutes thereafter.
Procedure
Subjects were requested to lie prone
on the bed under the mobiliser with
the back exposed. A small amount of
talcum powder was sprinkled over the
backsoas·to reduce skin friction which
might inhibit the .free movement of the
LVDTs. The applicator was attached
and located over the desired spinous
process.
The series of biomechanical tests
were then performed with a few
minutes rest being provided between
each test to allow the spine to fully
recover.
the delivery of PA force to the L4
vertebra were noted. The placement of
the applicator and the two LVDTs was
marked on the· skin so that the
procedure could be repeated on the
following day.
Insignificant differences were found
between the displacements measured
on the two days (p > 0.05). The
intraclass correlation coefficient (R)
was found to beO~99 for L3/4 and 0.95
for L4/5. The maximum error range of
L3/4 and L4/5 measurements were
±0.7mm and ±O.8mm.respectively. It
was concluded that repeatable data
were obtained and the mobilisercould
be used with confidence.
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Figure 6.
Mean maximum intervertebral displacements at levels above and below the mobilised
vertebrae.
The spinal mobiliserhas been shown
to provide repeatable data. The system
is easy and convenient to use with a
supporting computer software, and
measures have been built in to ensure
Discussion
figure 4. (left)
load-relative displacement cUnles for PA
loading to l40btained from a 23-year-old
male subject (CNM).
figureS.. (above)
Effects of gender and spinal level on spinal
mobility in PA.
Control box
load cell
E,ffect of loading rate
Paired t-tests showed that for both
L3/4 and L4/5, the maximum
intervertebral.displacement achieved
with loading at the slow rate was
significantly larger than that at the fast
rate (p < 0.001) (Figure 9).
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intervertebral displacements of L3
(10.93±1.J5 mm), L4 (11.74±1.J9 mm)
andL5 (lJ.03±1.91mm) were all
significantly different from each other
(p < 0.002), L5 showing the highest
mobility, followed by L4, and then L3.
The mean maximum intervertebral
displacements at the segments above
and below the mobilised vertebrae
during PA loadings (Figure 6) were
also compared by paired t-tests. For
PA loadings ofL3 and L4, it was found
that significantly more displacement
was observedin the level below than in
the level.above (p < 0.001), whereas the
reverse was true forPA loading of L5
(p < 0.001).
Cyclic PAloadingof l4
The mean maximum intervertebral
displacements at L3/4 and L4/5
increased progressively during cyclic
PA loading ofL4 (Figure 7). Suchan
effect was shown to be significant by
analysis of covariance (p < 0.001).
Marked variation was observed in PA
mobility among subjects, and thus the
maximum displacement in the first
cycle was used as the covariate to
account for the individual differences.
Post-hoc analyses demonstrated that
each ofthe increases in the maximum
displacements was significant (p <
0.001). The increase between the first
and second cycles was greater than that
between the second and the third.
Sustained PA loading of l4
The mean intervertebral
displacements increased with time for
both L314 andL4/5 (FigureS), and
this effect of sustained loading was
significant (p < 0.001), as revealed by
analysis of covariance where the
maximum displacement when the
1aON force was first achieved was used
as the covariate. Post-hoc analyses
suggested that the intervertebral
displacements at the fouf time intervals
were all significantly different from
each other (p < 0.03 for L3/4, p.< 0.001
forL4/5). The increase during the first
half minute was the greatest, and the
increase generally declined with time.
Inbiomechanical terms, the spine was
said to creep.
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figure 7.
Mean maximum intervertebral
displacements at l3/4 and 1..4/5 during
cyciicPA loading of l4.
safety. It might be useful for patients'
aSsessment and progress monitoring in
the clinical setting.
The present work provides data on
the load-displacement characteristic of
PAmobilisation and the mean PA
mobility ina young normal population.
This forms a normative base with
which clinical assessment of patients
could be compared.
The non-linear load-displacement
curves of PA mobilisation observed.in
this study are very similar to those of
spinal soft connective tissues reported
in previous biomechanical studies
(Chazalet al1985,Evans 1973,
Nachemson and Evans 1968, Tkaczuk
1968, Waters and Morris 1973). The
close resemblance supports the
hypothesis ofMagarey (1985) and Jull
-(1987) that PA examination of the
lumbar spine is, in essence, an in-vivo
manual measurement of its mechanical
behaviour.
The present study demonstrated that
PA mobility varied with different
spinal leveL Highest mobility was
observed at L5, followed by L4 and
then L3. However, <gender had no
influence on PAmobility.. This is not a
surprising result.JulIand Bullock
(1987) had measuredPA mobility in a
group of normal subjects by manual
examination (using a 5-point scale) and
found that gender was not a
determining factor in spinal mobility.
L5
L5
13.26±2.08
12.80±1.78
13.03±1.91
L4
receives most of the mechanic~l, and
perhaps clinical· effects ofPA
mobilisation.
Lee (1990) had performed a
mathematical analysis of PA
mobilisation, taking it to bea three-
point bending ofthe lumbar spine
supported on the pelvis and the
thoracic cage. The shear force at L4/5
was found to be larger than that at L3/
4 during mobilisation ofL4. This
L4
12.04±1.46
11.45±1.30
11.74±1.39
Spinal level
BI Female .Wholegroup J± 1S.D.
L3
L3
11.21±1.23
10.65±1.46
10.93±1.35
• Male
male
female
whole group
Nachemson et al (1979) also
demonstrated that there was no
inherent gender difference in the
intrinsic mechanical properties.of
cadaveric motion segments under
different loadings.
For mobilisation ofL3 and L4, more
intervertebral movements were
observed in the segment below the
mobilised vertebra than in that above.
The clinical implication of this finding
is that it is the lower segment that
Means of "averaged intervertebral displacement ",mm
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figure 8.
Effect of sustained PAloading of l4 on the intervertebral displacements at J.3/4 and l415.
10
Relative displacement, mm
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-L3/4
150
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figure9~
Effect of loading rate on the maximum intervertebral displacements at13/4 and l4/5~
13~74±2.62(L4/5)
11.45±2~ 16(L5IS1)
L5
Spinal levelJ±1 S.D.
L5
rates ofloading, with the same amount
of mobilisation force, the therapist will
be able to push further into the range
if the technique is applied slowly.
The intervertebral displacement data
obtained in this study are large
compared with those of previous in-
vitro studies (Berkson et al1979,
Nachemson et al·1979). Compression
of the soft tissues overlying the
vertebrae is a major source of error,
but this is unavoidable for any skin
L4
L4
11.16±1.65(L314)
12.32±1.69(L415)
• Level below
L3
9.28! 1~42(L2/3)
12.58±1.91 (L3/4)
L3
[Ii Level above
leve1 above
level below
mobilisation is applied in a sustained
manner, itwill also have the same
potential effect of improving a patient's
mobility due to its creep effect.
However, it should be pointed out
that the effects of preconditioning and
creep are.temporary. Some other
mechanisms might operate at the same
time if there is a permanent
improvement in the patient's mobility
after mobilisation~
Since the spine is stiffer with higher
Mean maximumintervertebraldisplacement,mm
18-----..........- ..........-----------..........--...........----....."""'i
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
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might explain why there was more
movemerit or mechanical effect at the
lower segment.
However, the reverse is true for
mobilisation ofLS - more
intervertebral movement is observed at
the segment above (L4/5) than at that
below (L5/S1). This is in accordance
with the resultsofYamamotoet al
(1990) who found that the L5/S1
segment was stiffer than the L4/5
segment because of the existence of the
iliolumbar ligament~ However, there is
still much controversy over the relative
stiffness ofL4/5 and·L5/S1.~
Nachemsonetal ( 1979 ) observed no
difference in the stiffuess of the motion
segments of different ·levels~
McGlashen etal(1987) reported that
L5/S1 was sometimes stiffer, but
sometimes more flexible than the other
lumbar segments, depending on the
type of loading~
The lumbar spine displayed various
viscoelastic properties during PA
loading ofL4.These findings are
consistent with those ofprevious
biomechanical studies which
demonstrated that the mechanical
properties of spinal tissues were time-
dependent (Evans 1973, Farfan 1973,
Kazarian 1975, Keller et al1987,
Twomey and Taylor 1982, White and
Panjabi 1990)~
One viscoelastic property observed
was that there were increases in the
intervertebral displacements with
cyclic loadings. Such an effect which is
usually referred to as preconditioning
(Daly 1966, Gilmore 1986) decreased
with each loading eycle~ The spine was
also shown to creep during sustained
PA loading~The ·creep rate also fell
with time, and in fact, most ofthe
creep effect occurred in the first 30
seconds. In addition, PA mobility was
rate-dependent·and had been shown to
increase significantly with slower rate
of loading.
The preconditioning effect might
account for the improvement inPA
mobility and in the ranges of
physiological movements which are
often observed after oscillatory PA
mobilisation treatment. If PA
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The spinal mobiliser was shown to be
reliable in quantifying the load-
displacement characteristic of PA
mobilisaton. At each level tested
(except L5),greater movement was
observed in the··caudal of the two
segments adjacent to the mobilised
vertebra. This .might suggest thatPA
mobilisation produces more
biomechanical and probably
therapeutic effects on the lower
segment. Additionally, PA mobility
was found to be dependent on spinal
level.
Viscoelastic behaviour such as creep
and rate-dependency was also observed
during PA mobilisation, as was the
preconditioning phenomenon. The
improvement in the range of
movement after mobilisation might be
explained by the preconditioning and
creep effects shown. The rate-
dependent nature of PA loading
suggests that·with the same amount of
PA force, the clinician will be able to
push further into the range if the
technique is performed slowly.
Acknowledgements
The work was supported by the Hong
Kong Polytechnic Research Grant.
~
adequately. These might include:
A Further studies on PAmobilisation
of the other lumbar spinal levels;
A. Wark on the influence of age on
PA mobility;
A Observing the differences in PA
mability and the load-
displacement characteristic in
patients with back pain;
... ·Studying the differences in the
mechanics whenPA loads are
delivered in different ways, egwith
different inclinations, at different
points ofcontact, in different lying
positions; and
A Cadaveric studies in which
simulated PA mobilisation is
delivered to the spine·and the
anatomical structures resisting the
load are identified bysequentially
dissecting the structures and
repeating the testings.
Conclusion
11.26±t.87
12.61t 210
cycle 3
Cycle numberJ±1 S.D.
cycle 3
good representation of the true
intervertebral displacements.
Although every effort has been made
to reduce the compression of the soft
pad attached to the applicator (by
preloading it several times and
choosing a firm material), it will also
have contributed a certain consistent
error to the measurement of the
intervertebral displacements.
Further research is still needed to
understand the biomechanics of PA
IIIL4/5
11.24±1.86
12.41±1.97
c cle2
cycle 2
1:1
II
cycle 1
1t.06±1.92
11.92±1.66
cycle 1
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Mean maximurn intervet1ebraldisplacement,rnm
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figure 10.
Mean maxh!~m intervertebral displacememsat 1.3/4 and l4/5 during cyclic PAloading of l4.
surface measurement of spinal
displacement. Skin and soft tissue
compression can be as much as 10mm
(Blader and Bowker 1983, Kirsch etal
1980). This may be less in the present
situation as the tissues overlying the
vertebrae are thin and thePA force
applied is smalL The error is also
consistent for a given individual. Thus,
although the spinal mobiliser does
overestimate the intervertebral
displacements produced by PA
mobilisation, the data obtained area
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figure 11.
Effect of~ustained PA loading of L4 on the intervertebral displacements at l3/4and L415.
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